This paper investigates the teacher's perception and knowledge about interdisciplinarity on public secondary school in Rio de Janeiro. Among the participants, 101 teachers completed the questionnaire on the subject investigated. All data about the perceptions of teachers were faced with lesson plans prepared by teachers who reported having strong knowledge on interdisciplinary practice. Our results suggest that there is a lack of support in schools, and competence of teachers to develop interdisciplinary approaches in the classroom. In this context, we suggest the use of methodologies such as Problem-Based Learning in teacher training courses in Brazil, as well as encouraging a continuing education of professionals through postgraduate programs.
Interdisciplinarity: An Overview
Interdisciplinarity has been identified as a desirable direction of research and is being strongly promoted by research funding organizations in Europe and USA (Krishnan, 2009) . In today's science, it is very difficult to obtain new findings exclusively through the use of a single discipline (Koizumi, 2004) . Technological advances in recent decades have provided significant modifications to our society. The genome project, for example, has allowed scientists the opportunity to study genetic processes on a molecular scale, including the mechanisms of complex biochemical interactions and gene regulations (Tadmor & Tidor, 2005; Wingreen & Botstein, 2006) . The emerging field of systems biology is also integrating concepts and ideas of life sciences, engineering and computing (Tadmor & Tidor, 2005) . As a result of these processes, it is necessary to broaden the boundaries of traditional scientific disciplines propitiating a wider and more integrated frame to different disciplinary fields of science (Bialek & Botstein, 2004) . In the other words, the rapidly developing fields or research, such as biotechnology, nanotechnology and artificial intelligence, are inherently interdisciplinary (Krishnan, 2009) .
A discipline can be defined as any comparatively self-contained and isolated domain of human experience, which possesses its own community of experts (Nissani, 1997) . Edgar Morin (Morin, 2000) supports the idea that disciplines are important; however, he claims that it is necessary to place the relevant knowledge associated with disciplines in a broader context (contextualization). On the other hand, many authors and institutions proposed and shows classifications that distinguish terms as "multidisciplinarity", "pluridisciplinarity", and "interdisciplinarity" with objective to organize the multiplicity of forms of interdisciplinary work into a coherent framework (Lattuca, 2003; Nikitina, 2006; Nissani, 1997; OECD, 1972) . These classifications are based in accord of the interaction among disciplines in a curriculum and how closely the disciplines bond in the interaction and what is produced as the result of this bonding. In resume, in a multidisciplinary process, the disciplines approach a matter without cooperation between them; there is a juxtaposition of various disciplines, sometimes with no apparent connection between them. Pluridisciplinary work implies some cooperation between disciplines; there is a juxtaposition of disciplines assumed to be more or less related. In interdisciplinarity, the disciplines are totally integrated (Klein, 2006; Nikitina, 2006) , and refers to the appropriate combination of knowledge from different specialties to shed new light on an actual problem (Brewer, 1999) . Moreover, Nissani (1997) considers that interdisciplinarity is best seen as bringing together distinctive components of two or more disciplines and pointed that in academic discourse, interdisciplinarity typically applies to four realms: knowledge, research, education, and theory. Nikitina (2006) defends three strategies for interdisciplinary teaching: contextualizing, conceptualizing and problem-centring. "The first strategy, contextualizing, is a method of embedding any material in the fabric of the time, culture, and personal experience". "The second strategy, conceptualizing, involves identifying core concepts that are central to two or more disciplines (e.g. 'change', 'linearity'), and establishing a rigorous quantifiable connection among them". "The third strategy, problem-centering, involves enlisting the knowledge and modes of thinking in several disciplines (i.e. biology, chemistry, political science, economics) to examine messy real-life problems (such as water pollution, genetic engineering, or AIDS in Africa) that require more on discipline to solve". In this context, Veronica Boix Mansilla, a co-principal investigator with Howard Gardner in the Interdisciplinary Studies Project at Harvard University, defines interdisciplinary understanding as "the capacity to integrate knowledge and modes of thinking in two or more disciplines to produce a cognitive advancemente.g., explaining a phenomenon, solving a problem, creating a product, raising a new question-in ways that would have been unlikely through single disciplinary means" (Mansilla, 2005) .
In Brazil, the concept of interdisciplinary practice is included in the National Curriculum Guidelines for secondary school. In the opinion of the National Education Council, interdisciplinarity assumes the existence of an axis of integration that can be the object of knowledge, a research project or an intervention plan, to be implemented within the framework of education (Brasil, 1998) . Therefore, an interdisciplinary activity is a process of exchange and cooperation, focusing on the coordination and integration of disciplinary knowledge when addressing a particular issue, object of study or research setting, as well as a product of this bonding among disciplines. However, there is little evidence that current educational systems are adequately fulfilling these goals and, apparently, the interdisciplinary paradigm and contextualization of school knowledge are still poorly prevalent in the Brazilian educational system (Fazenda, 2002; Lopes, Silva Filho, Marsden, & Alves, 2011) .
Material and Methods

Participants
We enrolled 101 secondary school teachers from public schools in the State of Rio de Janeiro. All subjects participating in this study were volunteers and signed an informed consent document. The questionnaire was anonymous and no specific information about workplace was collected.
Questionnaire and Qualitative Analysis
The questionnaire was designed based on literature review and validate through a pilot study (Augusto & Caldeira, 2007; Hill & Hill, 2005) We sought the following information about "interdisciplinarity" and "interdisciplinary teaching": a) teachers' perceptions regarding the knowledge on the theme; b) details of initial or continued education of these professionals, specifically if there was interdisciplinary training at any level of their education; c) teachers' perceptions about the importance of interdisciplinarity in teaching practices; d) aspects related to the pedagogical and schools' environment to facilitate the construction of interdisciplinary teaching activities; e) the existence and frequency of interdisciplinary practices in their schools.
In addition, we performed a qualitative analysis of teachers' knowledge regarding interdisciplinarity. For this, we randomly selected 15 teachers who stated to have solid knowledge about the theme, and request them to prepare a lesson plan with an interdisciplinary basis. Each teacher has the freedom to choose the theme in your lesson plan.
The following criteria were used to evaluate the lesson plans: 1) objectives to be achieved; 2) the subjects and the number of teachers involved and the development of activities in the classroom; 3) teaching strategy or methodology to be adopted, and 4) assessment and evaluation of the learning process. These criteria were chosen based on didactics (BIE, 2008; Bordenave & Pereira, 2005; Serdyukov & Ryan, 2008) .
Statistical Analysis
The averages, deviations, medians, chi-square and the construction of graphs were performed using GraphPad Prism version 5.00 for Windows, GraphPad Software, San Diego California USA (www.graphpad.com). Results were considered significant when p < 0.05.
Results
Questionnaire Analysis
Information on teacher training was required in the first part of the questionnaire and detailed data are presented in Table 1 . The results showed that the faculty participants had different levels of training. Forty teachers are trained in humanities, 25 in Math and 36 in Natural Sciences.
The second part of the questionnaire aimed to evaluate the teachers' perceptions, knowledge and applications on interdisciplinarity ( Table 2 ). All teachers responded that they know what is interdisciplinary. However, 10 said they had a little knowledge about the topic, 55 said they knew about it well, and 36 considered that has a broad knowledge about the theme "interdisciplinarity".
The Table 2 shows the results of teachers' answers when asked about their initial training. Thirty-eight teachers said they did not have interdisciplinary training during their undergraduate studies, and 63 said they had had such training.
Considering the 63 teachers, 23 considered that they had had a poor training regarding interdisciplinary aspects (bad or regular). Moreover, 30 teachers said they had good training, and 10 others, a very good training. A more detailed analysis, with data crossing from the highest level of training (higher degrees) and interdisciplinary training during the period, showed that teachers with higher degrees (graduate) had more interdisciplinary practices (Chi-square, p = 0.0013) (Figure 1 ).
All participants responded that the interdisciplinarity is an important pedagogical approach in the educational context ( Table 2) . Eighty-one teachers believed that "interdisciplinary teaching" is very important, 18 believed they had little importance and 2 said that interdisciplinarity is not very important. Table 2 also shows the perception of teachers regarding the academic organization and the school's physical space in the development of an interdisciplinary education. Only two teachers answered that the organization and academic environment facilitate interdisciplinary practice. Moreover, 79 teachers considered that these same Table 2 shows the responses of teachers on the existence and frequency of interdisciplinary developmental practices in the institutions where they teach. Ten teachers answered that there was no interdisciplinary practice, and 5 stated that such practices are common. Eighty-six teachers responded that interdisciplinarity teaching in their schools are rare.
When asked if they use interdisciplinary practice when they taught classes, 59 teachers answered yes and 42 answered that they did not (Table 2) . However, these results are inconsistent with the frequency in their instituitions ( Table 2 ) and with the analysis of lesson plans developed by some teachers ( Table 2) .
Qualitative Analysis: Evaluation of Lesson Plans
To make a qualitative analysis of teachers' knowledge about interdisciplinary, the 15 lesson plans submitted by teachers were compiled and analyzed according to criteria previously described. The relationship between learning objectives and evaluation, the number of teachers involved in the development of classes, and the use of teaching strategies or methodologies that facilitate an interdisciplinary approach were considered in the analysis of lesson plans (Table 3) . Only four teachers were careful to determine learning objectives while planning for their classes (lessons 1, 2, 5 and 13), and only the first two submissions contained procedures for assessing student learning. Two lesson plans presented the presence of more than one teacher in the development of the proposed class (Themes: "Industrial Revolution" and "Comparative Study of Culture in English-Speaking Countries").
Two teachers did not describe the teaching strategies that they would adopt to develop their lessons (lessons plans 4 and 5). On the other hand, three explicitly adopted lectures in a traditional way for their classes (documents 9, 11 and 15). On the other hand, two teachers chosen by the use projects or problems such as teaching strategies (lesson plans 2 and 3).
Discussion
In 2011, Brazil has overtaken the UK to become the world's sixth-largest economy and could become one of the four most dominant economies by the year 2050 (O'Neill, 2001 ). However, the weakness in the education system has been one of the main shortcomings of Brazil, putting at risk the country's ability to compete globally in the search for new investments and to adopt innovation-enhancing technologies already present in the country (Rodríguez, Dahlman, & Salmi, 2008) . To illustrate this scenario, a total of 65 countries, Brazil in 2009 reached only the 53rd position in OECD Programme for International Student Assessment (PISAhttp://www.pisa.oecd.org/). The OECD/PISA combines the assessment of domain-specific areas such as reading, mathematical and scientific literacy. In addition, an assessment of problem-solving skills is an element into PISA, defined as the ability of students "to solve real cross-disciplinary problems where the solution path is not obvious" (OECD, 2003) .
Improving the quality of teachers education is a key factor for the country overcome the challenges of teaching in primary and secondary schools (Gatti & Barreto, 2009 , 2011 . Although the vast majority of teachers stated that they know the meaning and consider how very important the development of an interdisciplinary approach to teaching (Table 2) , it is noteworthy that 61 professionals considered that they had had poor training or did not have any knowledge about interdisciplinary education in their respective undergraduate studies ( Table  2) . This is an important result since the interdisciplinarity has crucial contribution to make in teaching and learning.
Interdisciplinary approaches are essential in the discussion about the complex ethical and social conflicts facing our society today (Develaki, 2008) . Moreover, in Brazil, as in the United States of America in 2006, "school science curriculums cover an extensive list of topics in a superficial manner, with significant repetition from year to year" (Learning Science Like a Scientist, 2006). Therefore, an integrated curriculum that link disciplines as math, chemistry, physical sciences, and biology, is an alternative approach to successful science education.
On the other hand, we observed that graduate courses in some way promote interdisciplinary studies more than undergraduate courses (Figure 1) , though this possibility is a seemingly paradox because this level of training is closely related to the specialties and disciplines. In this context, it is likely that interdisciplinarity is the result of increased political and academic demand intrinsic to graduation, forcing the teachers to seek more knowledge integration in order to comply with academic obligations. Limitations of this study make it impossible to explore a deeper analysis on this subject. Thus, we believe that further studies are necessary to elucidate this result, especially because it is a potential solution to interdisciplinary teacher training. Nevertheless, as a possible example for Brazil, teacher education in Finland, which has one of the world's best performing education systems, moved to the two-tier degree system since 1 August 2005 (Niemi & Jakku-Sihvonen, 2006) . "The combination of a three-year Bachelor's degree and a two-year Master's degree in appropriate subjects and pedagogy to qualify teachers to teach in primary and secondary schools. The thirty-year tradition of education both class teachers and subject teachers in Finnish universities will continue. The basic qualification to teaching professions will still be the Master's degree" (Niemi & Jakku-Sihvonen, 2006) .
Another teacher education problem is the fact that many of the experts responsible for creating training courses for teachers believe that the proper domain of disciplinary knowledge overcomes the importance of didactic or pedagogical knowledge (Perrenoud & Thurler, 2002 prescribed in the training courses and the reality of the profession (Perrenoud & Thurler, 2002) . In the United States, Futrell (2010) points the "Teacher Residency Model to Support Preservice Teachers" as a way to mitigate these problems in teacher education programs. The model is an alternative to improve teacher education to work in primary and secondary education by building a curriculum where the students-future teachers-may be confronted with situations more closely than they will encounter in their future activities. This includes the early participation in real educational settings under the supervision of experienced teachers in different contexts and schools. Thus, training of teachers within an interdisciplinary perspective, since the beginning of their professional education, might favor the implementation of these practices when they come to perform their professional activities. "A strong residency model includes a pool of experienced teachers serving as a collaborators and mentors for the residents. The model is founded on the belief that preservice teachers in these programs (known as residents) must spend at least one year in a mentoring relationship in a highly competent teacher's classroom" (Futrell, 2010) .
The development of more flexible undergraduate curriculums is important to enable students' interdisciplinary education. The Brazilian Academy of Science believes that interdisciplinary education can be more easily achieved with short learning cycle courses (Chaves et al., 2004) . This can be accomplished by a maximum two-year Basic Cycle, followed by a Professional Cycle. The Basic Cycle should be divided in three major areas: Basic Sciences and Engineer; Life Sciences; and Arts, Humanities and Social Studies (Chaves et al., 2004) . In this context, The School of Arts, Sciences and Humanities of the University of São Paulo (EACH/USP) has an academic project characterized by having a one-year basic cycle, which seeks to articulate specific disciplines and interdisciplinary areas with scientific, cultural and professional formation through projects and problem solving (Araújo & Arantes, 2009) .
Our data indicate that teachers believe that schools do not provide favorable conditions for the implementation of interdisciplinary practices in their curricula (Table 2) . Lam, Cheng, & Choy (2010) , in a study conducted in Hong Kong, demonstrated that when schools are stronger in collegiality and more supportive of teachers competence and autonomy, teachers had more motivated to develop and consolidate new teaching strategies, such as the use of project-based learning and interdisciplinary teaching.
The information presented in Table 2 are also similar to studies conducted with teachers from public schools in State of São Paulo-Brazil (Augusto & Caldeira, 2007; Augusto, Caldeira, Caluzi, & Nardi, 2004) . The studies highlight the main difficulties experienced by those teachers in the implementation of interdisciplinary practices in their institutions, namely: a) absence of time and difficulty to hold meetings on pedagogical planning; b) lack of sources for research on the topic of "interdisciplinarity"; c) lack of material resources or adequate physical spaces in schools; d) difficulties of relationship and interaction with the school administration; e) the absence of pedagogic coordination; and f) students' indifference and a lack of discipline. In this sense, we agree with these authors who state that although there is a difficulty in developing interdisciplinary projects, it is not uncommon for teachers to use excuses for not updating the knowledge on innovative teaching practices.
A contradictory result can be seen in relation to the teachers' performances in the pursuit of interdisciplinary lessons at their respective disciplines. Table 2 shows that 59 teachers, out of the 101 that took part on this study, prepared interdisciplinary activities to develop their lessons, compared to the remaining 42 teachers who said they did not. However, an inconsistency is highlighted when we compare these results with those presented, which shows that only five teachers answered that interdisciplinary education was very common in their educational institutions, whereas, on the other hand, 86 reported that interdisciplinary practice was not currently practiced in their schools. Besides that, these results are inconsistent with the analysis of lesson plans developed by 15 teachers, since they do not show evidence of refined knowledge about teaching interdisciplinary (Table 3) . Table 3 indicates that teachers persist in the idea of working alone in the development of interdisciplinary practices. Nevertheless, preferably the planning and implementation of interdisciplinary are collaborative activities must occur between two or more teachers (Spalding, 2002) . Although we admit that many teachers have the competence to conduct classes that address specific knowledge of different areas, we advocate dialogue and effective working between teachers from different areas (disciplines) to build interdisciplinary lessons. Cooperative work tends to increase classroom potential in an interdisciplinary perspective (Alves, Silva-Filho, & Lopes, 2009) . Besides, knowledge, skills and professional competence of others tend to create better conditions for the student's learning. Even so, it is not uncommon to find teachers' resistance to working with peers. Although isolated activities of some teachers have pedagogical value, it is noteworthy that for an interdisciplinary project to work at a school, it is central to have the engagement of a number of teachers (Schimidt, Fonseca, & Alves, 2005) , because it does require, among other issues, regular meetings for planning, implementing and evaluating.
Problems encountered with the analysis of lessons plans to ratify the problem of poor teaching education of primary and secondary education in Brazil (Gatti & Barreto, 2011) . The planning of teaching strategies in the should be carried out with defined learning objectives (conceptual, procedural and attitudinal), which in turn should be connected with instruments and procedures for appropriate evaluation of student learning (BIE, 2008; Bordenave & Pereira, 2005 ).
Brazil's Ministry of Education (MEC) states that interdisciplinarity should be implemented due to a necessity in the school environment felt by the actors, i.e. principals, teachers and students. MEC suggests processes such as project development for the construction of interdisciplinary work in the school environment (Brasil, 1998) . However, only two of the teachers that elaborated lesson plans adopted strategies that could be related to "Project-Based Learning" or "Problem-Based Learning", which facilitate an interdisciplinary approach and allow a positive effect on students' skills development (Dochy, Segers, Van den Bossche, & Gijbels, 2003; Lam, Cheng, & Choy, 2010; Savery, 2006) .
There is extensive literature available on these teaching methodologies for Higher Education (Hmelo-Silver, 2004; Mamede & Penaforte, 2001; Rikers & Brum, 2006) . However, in Brazil, these practices are still incipient, and a more dramatic scenario is observed in the employment of these methodologies at regular high school and professional secondary education level (Lopes et al., 2011) . In addition, a study by Silva-Filho and colleagues shows the lack of specific publications in Portuguese, or from Brazilian researchers, on the use of the Problem-Based Learning (PBL) application and the training of teachers to employ it in primary and secondary education in Brazil (Silva-Filho, Lopes, Alves, & Figueiredo, 2010) . This is a relevant finding because as more material is made available and easily accessible on these methodologies, the greater the probability that education professionals will be empowered to implement teaching strategies that are efficient for the development of interdisciplinary programs in schools and universities.
Conclusion
This study provided evidence that interdisciplinary practices in secondary schools in Rio de Janeiro are not frequent, even with the majority of teachers indicating that its use is important and must be recommended and encouraged by Brazil's Ministry of Education. We were able to verify that teachers realize there are deficiencies in school's organizational structure and that they have little support of the school management board to develop such practices. On the other hand, we found out dearth on teachers' abilities to develop interdisciplinary approaches in the classroom.
Nowadays, it is essential to work effectively as a team to solve problems in different contexts using critical thinking and analyzing and synthesizing information. However, there is little evidence that current educational systems are adequately fulfilling these goals in Brazil. We believe that methodologies such as Problem-Based Learning, Project-Based Learning and Investigative Case Based Learning may be important strategies to transform teacher education programs in Brazil. In addition, the continuing education of these professionals is essential through postgraduation programs.
